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I. BACKGROUND

Military Specification MIL-L-2104D was recently amended to specify a grade 15W-40
(military symbol OE/HDO-15/40) lubricant for use in combat and tactical equipment,(_)*

This multigrade oil would help eliminate seasonal oil changes and simplify logistics.
Extensive testing of the multiviscosity lubricants has revealed no significant field
problems.(2,3) Along with the other specification revisions, the OE/HDO-50 (grade 50)
oil was eliminated. The use of this viscosity grade had fallen to a low level, and it was
believed that the 15W-40 or 40 grades were acceptable substitutes. The 40 grade was
retained because of a requirement of some stationary engines.

Engine overheating, final drive seal leakage, and short engine life when using OE/HDO-
15/40 oil were reported in the M60 battle tanks by the U.S. Marine Corps during the
summer of 1986. As a result, the Marine Corps expressed concern about the adequacy of
the OE/HDO-15/40 product to protect the AVDS-1790-2C engine used in the M60 tanks,
particularly under high-temperature/high-load conditions. A program to investigate
these complaints was authorized by the U.S. Army Belvoir Research, Development and
Engineering Center (Belvoir RDE Center).

II. OB3ECTIVE

The objective of this program was to compare the performance of the MIL-L-2104D
OE/HDO-15/40, OE/HDO-40, and a commercially available SAE 50-grade lubricant in

M.60 tanks under high ambient temperature conditions.

II. SCOPE

Two MIL-L-2104D lubricants, OE/HDO-l5/40 and OE/HDO-40, and one SAE 50-grade
lubricant were evaluated in this program. Three M60A2 RISE passive tanks with AVDS-
1790-2C engines were used to evaluate these lubricants under high ambient temperature - -

conditions during 24 August 1987 through 28 August 1987.

Underscored numbers in parentheses refer to the list of references at the end of this
report. 19



IV. APPROACH

Belvoir Fuels and Lubricants Research Facility (BFLRF) at Southwest Research Institute

(SwRI) procured and shipped two 55-gallon drums each of the OE/HDO-15/40 and

OE/HDO-40 lubricants to the Marine Corps Air Ground Combat Center at Twenty-Nine

Palms, CA. The 50-grade oil was that currently in use at Twenty-Nine Palms. Analyses

of the test oils are given in Appendix A. Fig. I illustrates the viscosity of the three oils

at both 400 and 1000 C.

300
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Figure 1. Lubricant viscosity comparison

Three M6OAI RISE passive tanks were chosen for testing. These tanks were C25, C21,
and C22 henceforth referred to as vehicle Nos. 1, 2, and 3, respectively. Each tank was
equipped with the AVDS-1790-2C RISE engine. The power packs were pulled from each
vehicle, the oil coolers pressure cleaned, the oil changed, and the power packs
reinstalled. The oil coolers were not drained. A 4-fluid-ounce sample of the lubricant
was drained from each vehicle. The engine access panel, located in the rear of the crew

compartment, was removed in order to provide access to the engine from the turret
area. The panel remained off during the testing.
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Each engine was instrumented to record oil sump temperature, oil gallery temperature,

ambient air temperature, engine compartment temperate-e, and oil pressure. The oil

sump temperatures were obtained by fastening exposed junction type T thermocouples to

the oil dipsticks of each engine with stainless steel tie wire. The oil gallery

temperatures were obtained by replacing the 3/4-in. (19.05-mm) pipe plugs (see Fig. 2)

with T-fittings for thermocouple and pressure taps. The ungrounded type T thermocou-

ples were inserted until they touched the springs in the oil galleries and then withdrawn

0.25 inch (6.35 mm).

OIL GALLEHY
PRESSURE AND
TEMPERATURE TAP

Figure 2. Location of oil gallery pressure and temperature tap

Ambient temperatures were obtained by wiring thermocouples to the outside of the

turrets near the gunners' hatchways. To minimize direct solar heat on the thermocou- A

ples, they were shielded along their length and on top by a Teflon( tube so that only the
lower tips of the thermocouples were exposed. In practice, however, solar impingement

on the turrets directly under the thermocouples raised the actual recorded temperatures

when the tanks were at rest. The engine compartment thermocouples were tie wrapped

3I



to the right protector bars located just inside the access panel and adjacent to the 3/4-
in. (19.05 mm) pipe plugs. It was hoped that this position would indicate the engine
compartment temperature. In practice, however, air was pulled into the engine
compartments through the open access panels, and the recorded temperatures were more
representative of the crew compartments than the normal engine compartment. Oil
pressures were obtained from the T-fittings, through 1/4-in. (6.35-mm) hoses, and thence
to 0- to 200-psig pressure transducers. All signals were routed to data loggers secured
on the oddment racks in the turrets of each vehicle. The data loggers were
preprogrammed to log each of the variables once per minute and to record the time of
day and internal battery voltages. The thermocouples and pressure transducers were
previously checked in conjunction with the data logger for reading accuracy. The
thermocouples were accurate to Z. 2.2 0F when checked at 212OF (00oC), and the
pressure transducers were accurate to 2. 0.7 psig over the range of 0 to 60 psig.

Testing of the vehicles started at approximately 1:00 pm each day in order to obtain the
hottest ambient temperatures for the test. The vehicles were run under a variety of
conditions, including idling, hill climbing, high-speed road, and slow march. Terrain for
the testing was desert sand with low hills. The test course was to have been the same
for all three days of testing. In reality, however, the terrain had minor variations,
particularly on the first day. At the completion of each run, the oil was drained (in hull),
and the next test oil introduced into the engines. Although the oil filters were changed,
the oil coolers were not drained. Again, 4-fluid-ounce samples of the drained lubricants
were taken. Since the oil coolers were not drained, it was recognized that there would
be some undrained lubricant carryover mixel with the test oils. A schedule of the tests
periormed is siown in TABLE 1.

TABLE 1. Test Matrix

Vehicle
No. I No. 2 No. 3

Run No. I SAE 50 OE/HDO-40 OE/liDO-15/40
Run No. 2 OE/HDO-40 OE/HDO-15/40 SAE 50
Run No. 3 OE/HDO-15/40 SAE 50 OE/HDO-40

4



V. DISCUSSION OF RESULTS

During the testing, four notable anomalies occurred. Vehicle No. I (SAE 50) incurred a
minor problem that forced termination of testing in that vehicle during the first day of
testing. The malfunction ended testing with that vehicle before the oil temperatures
reached their maximums. The vehicle was towed to the maintenance facility. On day 2,
vehicle No. 2 (OE/HDO-15/40), oil pressure maximums were abnormally low. Although

idle oil pressures were normal, oil pressure maximums never exceeded 41 psig; 50- to 55-
psig oil pressures would be normal. In addition, the oil temperature drop across the
coolers was abnormally high for this run. These observations are believed to indicate a
low oil sump level, although no mention of a low oil sump level was made by crew
members. There was one sensor z.clure during the testing. The oil sump thermocouple

failed on vehicle No. 2, day 3, (SAE 50) after only a few minutes of running. Vehicle No.
1, day 3, also had 4 minutes of ambient air temperature not being recorded. A

connector, which had separated, was simply reconnected, and the data recording

continued.

Edited data are shown in Appendix A. In the appendix, pre- and post-test data have been
eliminated, and missing values have been replaced with question marks. The first column
indicates the number of minutes past noon. The raw data show that ambient air
temperatures rose significantly during idle periods. This increase in temperature is
probably caused by radiant and convective heating from the stationary turrets, producing
a higher reading on the thermocouple than the actual air temperature. When the vehicle
began moving, the temperatures decreased to actual air temperatures. Recorded

temperatures remained high briefly dfter idles as the vehicles began to dc:clerate. In

order to compensate for this aberration, ambient air temperatures at idle and for I
minute after idles were changed to missing values. All analyses were done using the

edited data.

Average ambient air temperatures were 98.20 (36.80) to 102.9 0 F (39.4oC) during the
testing. Average ambient air temperatures for each test run are shown in TABLE 2.

These temperatures exclude pre- ind post-test data and idle data as previously de-

scribed.
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TABLE 2. Average Ambient Air Temperature for Each Test Run, OF (oC)

Vehicle
No. I No. 2 No. 3

Run No. 1 101.0 (38.0) 99.6 (37.6) 100.2 (37.9)
Run No. 2 98.2 (36.8) 99.4 (37.4) 100.9 (38.3)
Run No. 3 100.7 (38.2) 100.3 (37.9) 102.9 (39.4)

Oil sump temperature versus time relationships for vehicle Nos. I and 3 are shown in
Figs. 3 and 4. Note that in Fig. 3 (vehicle No. 1), the curve for the SAE-50 oil is
abbreviated due to the mechanical failure of the vehicle. A similar comparison for
vehicle No. 2 is given in Fig. 5, although without the SAE-50 data due to the previously
noted sensor failure. Comparison of the oil sump temperatures for vehicle No. I using
the three grades of oil seems to indicate that the OE/HDO-15/40 lubricant produced
slightly higher temperatures than the OE/HDO-40 or SAE-50 products. This conclusion is
difficult to support, however, since vehicle No. I never reached peak operating
temperatures with the SAE-50 lubricant. The OE/HDO-15/40 lubricant produced the
same or lower sump temperatures in vehicle Nos. 2 and 3. Oil gallery temperature

comparisons also showed this same pattern.

Engine oil pressure is a function of engine speed, engine wear (both in the bearings and
pump), and oil viscosity. Maximum oil pressures are limited by either relief valves or
the ability of the pump to deliver oil. Minimum oil pressures are limited by the ability
of the pump to deliver oil and the viscosity of the oil. The engine oil pressure at idle
then should be directly related to the oil viscosity and the sump oil temperature. It
would be expected that higher viscosity grade oils would produce higher idle oil
pressures, since the temperature data had shown no differences in oil temperatures. The
primary question to be answered is how much difference is there between grades, and is
this difference likely to impact vehicle durability?

Note that all the test vehicles had idle oil pressures below the 15-psi minimum level
recommended by the engine manufacturer, except for vehicle No. I on day I when the
engine failed before reaching fully warmed conditions. No engine warning lights were

noted by the crews.

6
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Data from periods in which the engines were at idle were extracted from the oil

pressure and sump oil temperature data sets. As expected, as the oil temperature

increased, the idle oil pressure fell. This decrease is illustrated in Fig. 6 in the data

from vehicle No. I. At sufficiently high temperatures, the idle pressure with each of

the different viscosity grades became very close.

In order to compare the idle oil pressures across the vehicles and viscosity grades, the

temperatures above 190°F (88 0 C) were selected. These pressures were assumed to most

closely represent fully warmed engine conditions. Figs. 6 and 7 show 95-percent Tukey

intervals for the means of the idle oil pressure by both oil type and by vehicle. This

statistical approach attempts to account for day-to-day differences. The lubricants are

ranked in the expected order of increasing oil pressure from 15W-40 to 50 grade.

Overlapping of the bands between the lubricants indicates that there may be no

statistical difference between the OE/HDO-15/40 and the OE/HDO-40 nor between the

OE/HDO-40 and the OE/HDO-50 products. There appears to be a statistical difference

between the OE/HDO-15/40 and the OE/HDO-50 lubricants. The difference between the

S_
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two lubricants is approximately I psig. The vehicle-to-vehicle differences were larger,

with the range between the vehicle Nos. I and 3 being about 3 psig.

These data indicate that under fully warmed conditions, there are small differences in

idle oil pressure between any of the oils tested. The vehicle-to-vehicle differences (build

clearances, wear, etc.) caused larger differences in idle oil pressure. Under some types

of operations, however, there may be larger differences in idle oil pressure between the

various oil grades. As shown in Fig. 8, as the vehicle begins to cool down at idle, the oil

pressure begins to rise as the oil viscosity increases. Under this condition, both the

straight grade oils recover oil pressure faster than the multiviscosity OE/HDO-15/40

(assuming equal cooling rates). There may be some types of operations where this faster

recovery could have an impact on bearing wear.

15

141

131

LU
w
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Ml4 12>

10

10 I I

VEHICLE 1 VEHICLE 2 VEHICLE 3

Figure 8. Idle oil pressure by vehicle
(All oils)

Appendix B shows selected properties on the existent, new, and used oils. Based on the

iron content of the used oils, and assuming that the new oil had no iron in it, the quantity

of unchanged oil remaining in the coolers averages 36 percent of the total oil capacity.

This residue was undesirable, but unavoidable since draining the coolers required removal
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of the engines. Using the 36-percent residue figure, and averaging the XRF and ICP iron

analyses, the amount of iron generated during each test is shown in TABLE 3.

TABLE 3. Engine Oil Iron Generated During Each Test

Vehicle
No. I No. 2 No. 3

Run No. 1 -1 ppm (50 gr.) 16 ppm (40 gr.) 3 ppm (15W-40 gr.)
Run No. 2 20 ppm (40 gr.) 9 ppm (15W-40 gr.) 19 ppm (50 gr.)

Run No. 3 6 ppm (15W-40 gr.) 10 ppm (50 gr.) 13 ppm (40 gr.)

The -I value for vehicle No. I, run No. 1, indicates that iron content decreased during

the test and resulted from minor inaccuracies in the measurement or sampling tech-

nique. The SAE-50 product averaged a 13-ppm increase, the OE/HDO-40 product

averaged a 16-ppm increase, and the OE/HDO-15/40 product averaged a 6-ppm increase.

The used oil analyses show that vehicle No. 3 initially had higher iron, lead, copper, and

silicon levels than the other vehicles. These higher levels indicate that vehicle No. 3 had

either more miles of operation since oil change than the other vehicles, or was wearing

at a more rapid rate than the others or both. Vehicle No. 3 consistently maintained

higher iron, lead, and copper levels than the other vehicles, indicating accelerated wear

in this vehicle. This accelerated wear in vehicle No. 3 may have been caused by the

consistently higher temperatures exhibited by the vehicle.

VI. CONCLUSIONS

* There were no significant differences in engine oil operating temperatures between

the MIL-L-2104D 15W-40 or 40 grades and the SAE 50-grade lubricants.

* There were significant differences in operating temperatures among vehicles.

These differences were larger than any observed oil differences.

* There was no difference in idle oil pressure between the OE/HDO-40 and the SAE

50-grade lubricants in fully warm engines.
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The OE/HDO-15/40 oil produced approximately 1-psi lower oil pressure at idle than

the SAE 50 grade in full warm engines.

The engine-to-engine difference in idle oil pressure was larger than the oil

viscosity-related differences.

* Although idle oil pressures as low as 9 psi were recorded during the testing, no oil

pressure warning lights were activated, indicating the activation levels for these

warning lights are set considerably below the 15-psi levels called for in the

technical manuals.

VII. RECOMMENDATIONS

Data should be developed on engine oil pressure versus wear. This information

would be of value in current and future lubricant development programs.

The possibility of increased bearing wear during high-temperature operations

should be investigated further. In particular, testing needs to be conducted in

operations where the vehicles are brought to high temperatures, then idled

repeatedly. This type of run-hide-run cycle is common under some combat

scenarios.

* This program did not address engine wear directly, and does not provide any

significant data on wear. Although laboratory testing has not shown any wear

problems with the 15W-40 grade in the AVDS-1790-2C engine, if further testing is

undertaken, this aspect should be included.
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APPENDIX A

Edhted Data

(NOTE: Question mark in tables indicates a faulty or
missing measurement.)
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Day I
M60 Tank No. 1, SAE-50 Lubricant

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

64 1304. 115.1 117.6 ? 95.0 56.78
65 1305. 119.9 124.4 101.2 93.4 55.44
66 1306. 123.5 131.4 102.0 93.5 53.34
67 1307. 121.4 132.9 102.5 93.8 52.16
68 1308. 122.2 134.1 102.9 93.8 51.32
69 1309. 139.3 138.7 101.6 93.5 68.32
70 1310. 153.3 144.0 100.0 93.5 65.69
71 1311. 147.7 147.4 101.0 92.9 62.12
72 1312. 140.8 147.2 101.7 93.4 38.34
73 1313. 168.6 151.9 100.1 93.1 67.08
74 1314. 174.6 158.0 99.3 93.3 65.84
75 1315. 187.2 164.9 98.4 93.4 66.41
76 1316. 187.1 171.0 98.8 93.7 63.23
77 1317. 195.3 176.5 100.0 94.1 62.83
78 1318. 199.0 181.3 100.9 94.4 62.50
79 1319. 201.6 184.5 101.3 93.9 49.49
80 1320. 205.5 187.8 101.2 93.8 56.93
81 1321. 210.0 191.4 101.9 94.1 59.28
82 1322. 213.1 195.0 101.3 93.3 58.20
83 1323. 219.0 198.5 101.7 93.7 57.89
84 1324. 219.9 201.6 102.6 94.8 58.28
85 1325. 221.2 203.1 103.0 95.4 59.90
86 1326. 226.7 205.6 101.7 95.1 59.16
87 1327. 229.0 208.8 101.5 94.8 58.75
88 1328. 232.4 211.4 101.9 95.4 48.25
89 1329. 228.0 213.6 102.0 95.1 45.61
90 1330. 231.1 213.0 102.8 96.2 49.41
91 1331. 230.4 212.7 102.2 95.7 53.41
92 1332. 228.4 211.7 102.0 95.9 38.15
02 ,)- 28.6 212.3 100.4 95.0 55.78
94 1334. 230.9 212.7 100.3 94.8 44.42
95 1335. 229.8 212.0 100.2 94.9 53.23
96 1336. 224.6 209.9 ? 95.5 15.46
97 1337. 219.1 209.9 ? 98.9 16.46
98 1338. 217.7 203.8 ? 99.3 16.76
99 1339. 215.5 207.0 ? 99.0 17.51
100 1340. 220.3 202.4 ? 97.7 59.21
101 1341. 224.2 204.2 101.7 95.5 58.81
102 1342. 225.8 207.3 101.3 95.3 61.99
103 1343. 226.4 209.6 101.1 95.9 56.98

Notes: Min in column I indicates minutes past noon on the day of each test.
Time is in military format.
All temperatures are degrees Fahrenheit. To convert to degrees

Centrigrade, multiply temperature (OF) - 32 by 5/9.
Oil pressure is in psig.
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Day I
M60 Tank No. 1, SAE-50 Lubricant (Cont'd)

Compart-

Sump Gallery Amb. ment Oil

Min Time Temp Temp T Temp Pressure

104 1344. 223.5 208.9 ? 95.4 16.00

105 1345. 222.1 206.7 ? 95.8 16.36

106 1346. 224.2 205.3 ? 95.3 50.19

107 1347. 226.5 207.4 98.8 94.8 59.65

108 1348. 227.2 210.5 97.7 94.9 46.36

109 1349. 229.4 210.1 99.1 95.9 54.89

110 1350. 221.7 210.2 ? 95.9 17.89

111 1351. 224.0 207.0 ? 95.6 52.24

112 1352. 226.8 208.7 99.9 95.7 59.08
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Day I
M60 Tank No. 2, OEIHDO-40 Lubricant

Com part-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

64 1304. 109.0 108.0 ? 97.3 56.05
65 1305. 111.1 116.6 102.7 93.6 54.13
66 1306. 119.7 123.1 102.2 94.2 51.66
67 1307. 119.8 126.2 101.9 93.4 49.21
68 1308. 120.9 128.0 101.5 93.6 47.83
69 1309. 126.2 133.5 101.1 93.4 66.25
70 1310. 147.0 142.4 99.4 93.8 62.21
71 1311. 151.4 144.2 100.3 93.8 52.15
72 1312. 149.3 145.5 100.9 93.8 31.30
73 1313. 160.4 147.9 99.9 93.8 62.61
74 1314. 172.1 155.3 93.7 93.7 62.73
75 1315. 181.9 162.0 98.3 93.3 61.03
76 1316. 190.3 169.3 98.4 93.5 60.17
77 1317. 198.0 174.5 98.7 94.0 58.30
78 1318. 203.2 179.7 99.3 94.1 57.11
79 1319. 203.8 183.3 100.0 94.3 54.83
80 1320. 208.1 185.1 100.1 93.5 50.64
81 1321. 212.2 188.6 100.1 93.9 51.73
82 1322. 215.3 191.7 100.5 93.8 55.10
83 1323. 220.5 194.9 100.6 93.4 55.01
84 1324. 221.9 197.7 101.4 94.8 45.50
85 1325. 224.3 199.6 101.7 95.1 50.87
86 1326. 227.6 202.0 101.6 95.9 54.38
87 1327. 228.7 205.1 101.2 95.4 51.89
88 1328. 232.8 207.3 101.1 95.6 47.10
89 1329. 231.0 208.4 101.5 96.4 46.62
90 1130. 230.4 208.9 101.5 95.4 45.55
91 1331. 230.2 210.1 101.7 96.5 41.13
92 1332. 230.2 209.6 101.1 95.9 44.28
93 1333. 231.6 208.9 99.5 95.2 42.27

94 1334. 232.2 210.2 99.1 95.3 45.43
95 1335. 232.6 209.8 98.6 95.8 22.72
96 1336. 230.6 208.6 98.8 95.7 36.98
97 1337. 226.6 2,, .7 ? 98.5 13.41
98 1338. 224.6 205.6 ? 99.2 13.74
99 1339. 222.2 202.7 ? 99.3 14.09
100 1340. 219.5 199.3 ? 98.6 51.95
101 1341. 224.6 199.8 101.2 96.3 52.74
102 1342. 228.1 202.6 99.5 96.3 49.51
103 1343. 229.1 205.2 98.8 95.6 46.75

Notes: M1in in column I indicates minutes past noon on the day of each test.
Time is in military format.
All temperatures are degrees Fahrenheit. To convert to degrees

Centrigrade, multiply temperature (OF) - 32 by 5/9.
Oil pressure is in psig.
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Day I
M60 Tank No. 2, OEIHDO-40 Lubricant (Cont'd)

Compart-
Sump Gallery Amb. ment Oil

Minn Time Temp Temp Temp Temp Pressure

104 1344. 221.1 205.8 ? 94.9 13.03
105 1345. 220.3 204.3 ? 94.6 13.36
106 1346. 222.1 202.6 ? 95.4 13.60
107 1347. 221.6 198.9 ? 95.6 48.0
108 1348. 227.1 202.5 98.3 95.3 55.59
109 1349. 229.2 205.1 97.5 94.8 40.63
110 1350. 224.6 206.1 99.5 96.9 56.71
111 1351. 231.9 205.8 99.7 96.0 55.05
112 1352. 227.1 208.3 100.3 96.3 21.70
113 1353. 229.2 206.0 99.4 95.3 52.23
114 1354. 224.1 205.6 100.2 96.4 54.25
115 17,2. 229.4 205.6 100.1 95.7 45.22
116 1356. 231.0 207.7 99.7 95.3 37.62
117 1357. 233.2 207.9 98.5 95.4 37.84
118 1358. 228.6 206.4 ? 95.9 14.12
119 1359. 226.2 206.2 ? 95.5 46.91
120 1400. 225.4 205.1 98.4 95.9 42.70
121 1401. 227.5 206.8 ? 95.9 19.11
122 1402. 223.2 204.0 ? 96.1 39.55
123 1403. 219.3 201.4 ? 96.2 13.16
124 1404. 221.6 202.7 ? 97.8 53.94
125 1405. 226.6 200.9 99.4 95.5 26.31
126 1406. 222.3 201.6 99.1 95.7 50.46
127 1407. 218.9 200.1 98.5 95.5 52.00
128 1408. 221.5 198.7 99.1 95.0 56.40
129 1409. 228.2 201.7 98.2 95.1 53.88
130 1410. 220.0 201.7 ? 96.9 13.96
131 1411. 217.2 199.5 ? 97.2 14.35
132 1412. 215.9 198.1 ? 97.3 14.57
133 !413. 214.4 195.8 ? 97.4 14.93
134 1414. 212.5 192.2 ? 97.2 15.34
135 1415. 210.2 189.4 ? 97.6 15.88
136 1416. 204.6 186.8 ? 97.2 28.17
137 1417. 203.9 186.8 99.6 96.1 40.09
138 1418. 204.1 186.3 99.4 96.3 55.64
139 1419. 208.4 187.2 98.8 96.3 56.97
140 1420. 213.6 192.4 97.8 96.1 55.27
141 1421. 220.4 197.5 97.9 95.9 51.57
142 1422. 223.7 201.8 97.9 95.7 46.41
143 1423. 227.7 205.9 98.5 96.3 46.96
144 1424. 232.9 209.3 98.1 95.7 48.03
145 1425. 234.5 212.6 98.5 96.0 41.44
146 1426. 238.3 214.8 98.6 96.3 40.11
147 1427. 239.1 216.2 98.2 96.0 33.21
148 1428. 243.0 219.0 98.5 96.5 42.33
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Day I
M60 Tank No. 2, OE/HDO-40 Lubricant (Cont'd)

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

149 1429. 245.4 220.9 98.3 96.2 42.62

150 1430. 245.3 221.8 ? 95.9 11.19

151 1431. 242.0 219.5 ? 96.4 42.29

152 1432. 240.7 217.7 99.0 97.1 43.09

153 1433. 239.8 217.6 98.9 96.6 35.89

154 1434. 242.2 217.2 98.9 96.7 39.29

155 1435. 242.4 216.9 98.2 96.7 44.61

156 1436. 240.2 217.9 98.0 96.6 22.39

157 1437. 238.3 216.0 99.4 97.5 33.08

158 1438. 237.9 215.5 99.0 97.0 32.94

159 1439. 236.7 215.7 ? 97.5 11.34

160 1440. 233.9 213.9 ? 98.6 21.56

161 1441. 232.4 211.7 100.8 97.9 44.90

162 1442. 230.4 208.6 ? 97.3 13.08

163 1443. 228.7 205.2 ? 98.2 45.92

164 1444. 221.7 201.5 ? 98.8 13.89

165 1445. 219.1 198.3 ? 99.3 14.59

21



Day I
M60 Tank No. 3, OE/HDO-15/40 Lubricant

Compart-
5ump Gallery Amb. ment Oil

Min Time Temp Temp T Temp Pressure

65 1305. 112.2 113.3 ? 93.4 36.63

66 1306. 119.6 120.3 105.2 92.6 47.54

67 1307. 119.9 122.9 105.4 93.4 45.69

68 1308. 122.2 125.0 105.8 93.4 45.20

69 1309. 128.3 129.8 105.7 92.6 51.05

70 1310. 147.7 143.1 102.8 93.1 52.21

71 1311. 150.9 150.2 100.2 93.2 32.26

72 1312. 157.8 154.3 99.0 93.3 29.97

73 1313. 163.1 155.4 97.6 93.6 50.54

74 1314. 173.1 163.8 96.2 93.4 53.07

75 1315. 182.2 170.9 95.2 92.8 50.66

76 1316. 193.6 176.5 94.8 93.3 52.17

77 1317. 197.4 131.5 95.1 94.3 50.34

78 1318. 202.6 184.2 95.2 94.4 37.23

79 1319. 206.6 187.4 95.1 93.8 43.49

80 1320. 211.0 190.5 94.9 94.0 28.15

81 1321. 211.9 194.5 94.8 94.4 51.58

82 1322. 213.5 196.2 95.3 94.1 52.35

83 1323. 215.7 199.6 97.3 93.6 49.42

84 1324. 221.0 202.8 98.3 93.1 50.71

85 1325. 223.7 205.0 99.0 93.8 45.67

86 1326. 228.7 207.2 99.5 93.9 23.07

87 1327. 225.8 210.0 100.5 93.9 28.87

88 1328. 232.9 212.2 100.7 95.0 44.74

89 1329. 235.1 213.8 99.9 95.2 48.71

90 1330. 234.9 215.0 101,4 95.4 32.01

91 1331. 236.1 215.3 101.8 95.5 26.02

92 1332. 234.8 216.7 102.2 95.9 27.01

93 1333. 235.8 217.4 102.7 95.7 26.15

94 1334. 237.7 216.4 102.7 94.7 37.88

95 1335. 235.0 218.7 102.7 95.1 46.41

96 1336. 237.5 218.2 102.8 94.9 39.90

97 1337. 235.3 219.8 ? 97.1 11.90

98 1338. 232.3 217.1 ? 97.8 12.35

99 1339. 229.3 215.1 ? 97.3 12.66

100 1340. 227.2 208.3 ? 96.4 14.38

101 1341. 228.9 207.8 ? 95.4 46.08

102 1342. 232.9 210.7 104.7 95.8 41.51

103 1343. 236.1 213.2 104.4 95.2 45.39

104 1344. 230.8 215.9 ? 96.0 11.94

Notes: \in in column I indicates minutes past noon on the day of each test.
Time is in military format.
All temperatures are degrees Fahrenheit. To convert to degrees

Centrigrade, multiply temperature (OF) - 32 by 5/9.
Oil pressure is in psig.
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Day I

M60 Tank No. 3, OE/HDO-15/40 Lubricant (Cont d)

Compart-

Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

105 1345. 229.6 216.6 ? 95.4 12.28

106 1346. 233.0 210.6 ? 95.1 36.40

107 1347. 236.9 213.6 102.7 95.3 38.10

108 1348. 233.3 217.4 102.0 95.3 27.23

109 1349. 237.3 220.2 ? 95.2 15.17

110 1350. 230.8 217.8 ? 95.4 38.12

I1351. 237.7 216.6 99.8 95.2 46.09

112 1352. 245.0 218.7 101.1 96.8 37.84

113 1353. 247.2 222.8 101.8 95.7 49.27

114 1354. 245.2 225.3 101.6 95.3 32.13

115 1355. 247.0 225.S 98.4 95.7 28.97

16 1356. 242.4 224.3 97.5 95.7 47.45

117 1357. 248.0 225.0 98.8 95.4 47.84

8 1358. 250.8 226.6 99.9 95.5 40.04

119 1359. 250.0 229.0 100.9 95.9 38.91

120 1400. 247.5 232.9 ? 97.4 9.76

121 1401. 244.8 230.6 ? 98.1 10.08

122 1402. 244.8 227.6 ? 98.5 12.42

123 1403. 241.9 223.4 ? 97.1 44.49

124 1404. 240.6 220.8 100.0 96.1 52.04

125 1405. 236.7 219.1 ? 96.3 11.18

126 1406. 235.5 218.3 ? 96.5 26.55

127 1407. 236.2 219.4 98.4 96.6 45.25

128 1408. 232.6 219.1 ? 97.3 11.86

129 1409. 231.7 213.5 ? 97.3 39.51

130 1410. 235.1 214.0 101.5 96.4 42.71

131 1411. 238.4 217.1 102.5 96.7 44.57

132 1412. 239.4 219.0 103.4 97.2 47.81

L33 1413. 23.7 223.3 ? 96.3 11.48

134 1414. 24U.) 222.8 97.1

135 1415. 237.2 221.0 ? 97.4 11.01

136 1416. 235.9 217.2 ? 97.7 44.09

137 1417. 229.0 215.6 98.1 96.4 49.77

138 1418. 231.9 214.6 96.8 95.9 42.45

139 1419. 235.7 215.6 96.8 96.5 50.09

140 1420. 239.4 218.2 96.9 95.8 39.72

141 1421. 241.3 220.6 98.1 96.1 49.67

142 1422. 245.0 224.2 99.5 96.2 44.52

143 1423. 246.7 225.4 100.1 96.3 48.32

144 1424. 247.3 227.4 100.6 96.3 33.89

145 1425. 249.4 228.4 100.9 96.3 38.15

146 1426. 247.2 231.1 100.7 95.6 40.90

147 1427. 253.0 232.1 101.0 96.4 41.51

148 1428. 257.3 233.6 101.5 96.3 40.40

149 1429. 251.5 234.7 101.5 95.6 32.49
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Day 2
M60 Tank No. 1, OE/HDO-40 Lubricant

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

55 1255. 114.6 132.6 ? 94.9 46.25

56 1256. 116.5 133.4 103.3 93.8 45.35

57 1257. 118.2 133.7 103.6 93.8 45.00

58 1258. 126.6 135.7 102.6 94.7 58.00

59 1259. 123.5 136.5 102.7 95.2 62.16

60 1300. 136.0 137.5 102.7 94.8 40.00

61 1301. 139.3 140.7 101.9 95.4 52.91

62 1302. 146.4 147.1 100.2 95.3 60.40

63 1303. 156.3 150.3 100.8 95.2 30.38

64 1304. 91.4 149.2 102.1 95.2 28.59

65 1305. 138.7 149.3 101.2 97.4 55.37

66 1306. 164.6 157.4 98.2 98.6 53.69

67 1307. IS7.6 165.2 96.9 99.2 38.85

68 1308. 177.7 169.3 97.9 99.6 47.65

69 1309. 168.8 175.7 99.0 98.4 36.90

70 1310. 190.0 179.7 97.2 98.6 33.18

71 1311. 208.9 182.7 97.6 98.8 36.04

72 1312. 205.7 185.2 97.9 99.1 43.54

73 1313. 216.0 189.2 99.2 98.7 54.35

74 1314. 210.7 193.6 100.5 99.4 58.82

75 1315. 146.8 196.3 100.2 98.6 29.42

76 1316. 217.8 201.2 99.8 99.1 38.05

77 1317. 219.9 200.6 97.5 99.8 44.88

78 1318. 228.4 203.7 97.0 100.8 50.92

79 1319. 227.5 206.5 97.4 99.8 23.37

80 1320. 220.7 209.4 ? 98.7 15.22

81 1321. 218.4 207.6 ? 99.2 15.78

82 1322. 216.3 205.0 ? 99.3 16.13

83 1323. 213.9 201.8 ? 98.4 16.63
?324. 211.9 199.7 ? 99.8 17.34

85 1325. 210.3 199.1 ? 100.4 17.77

86 1326. 217.3 193.2 ? 99.9 47.17

87 1327. 217.8 199.4 99.7 99.7 40.64

88 1328. 225.5 199.6 97.4 100.4 31.44

89 1329. 230.3 201.9 97.5 99.8 56.08

90 1330. 226.7 206.0 ? 99.0 15.62

91 1331. 209.8 209.6 7 98.9 29.42

92 1332. 115.9 207.8 96.1 97.3 46.82

93 1333. 238.2 207.5 96.4 98.4 49.79

94 1334. 232.4 211.1 96.5 97.8 47.75

Notes: Min in column I indicates minutes past noon on the day of each test.
Time is in military format.
All temperatures are degrees Fahrenheit. To convert to degrees

Centrigrade, multiply temperature (OF) - 32 by 5/9.
Oil pressure is in psig.
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Day 2
M60 Tank No. 1, OE/HDO-40 Lubricant (Cont'd)

Compart-

Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

95 1335. 240.5 213.0 96.2 98.1 47.01

96 1336. 240.4 215.5 95.9 98.0 39.66

97 1337. 238.7 219.6 ? 97.7 13.43

98 1338. 232.1 220.1 ? 98.8 13.65

99 1339. 229.1 216.4 ? 99.4 14.18

100 1340. 235.7 213.2 9 98.2 42.72

101 1341. 236.7 210.5 98.0 98.6 43.21

102 1342. 240.3 212.9 98.0 99.4 46.33

103 1343. 244.5 215.9 97.6 97.8 41.71

104 1344. 247.6 218.7 97.0 98.4 47.88

105 1345. 250.4 221.1 96.7 97.8 45.13

106 1346. 246.3 220.7 96.6 97.8 31.66

107 1347. 242.4 221.0 ? 97.7 12.81

108 1348. 244.7 219.7 ? 98.6 31.69

109 1349. 248.5 220.3 95.3 99.0 44.29

110 1350. 247.7 223.1 95.6 97.4 41.32

111 1351. 243.5 224.8 95.8 98.0 21.91

112 1352. 239.7 223.3 98.6 100.3 41.90

113 1353. 239.2 220.4 98.3 98.8 35.88

114 1354. 237.9 219.3 99.4 99.5 45.96

115 1355. 244.8 216.6 98.3 101.3 44.66

116 1356. 248.3 220.9 99.3 100.8 41.56

117 1357. 247.3 222.5 97.9 100.1 45.84

118 1358. 247.0 223.6 98.3 101.6 40.05

119 1359. 247.1 227.4 99.2 101.9 37.58

120 1400. 251.6 223.8 98.6 102.4 38.59

121 1401. 254.3 223.9 98.2 100.3 50.55

122 1402. 250.8 225.6 97.6 99.3 26.55

123 1403. 244.8 228.5 ? 99.0 12.35

124 1404. 240.0 226.3 98.4 12.62

125 1405. 246.1 220.4 ? 98.5 43.42

126 1406. 246.6 222.1 97.0 97.8 38.86

127 1407. 248.4 221.8 96.7 97.9 41.97

128 1408. 246.1 225.7 96.6 97.3 37.05

129 1409. 251.9 223.3 97.0 99.8 43.57

130 1410. 252.5 225.1 96.3 101.0 39.22

131 1411. 249.0 225.3 97.2 98.5 39.79

132 1412. 250.8 226.9 97.2 98.6 46.51

133 1413. 254.5 227.4 96.8 98.6 36.32

134 1414. 254.7 231.3 96.7 98.6 30.00

135 1415. 253.9 228.8 96.8 98.1 43.48

136 1416. 252.2 228.1 97.2 99.0 32.92

137 1417. 254.0 227.0 96.5 99.0 36.85

138 1418. 254.3 227.8 96.2 98.4 28.84

139 1419. 250.4 227.7 96.4 98.4 47.20
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Day 2
M60 Tank No. 1, OE/HDO-40 Lubricant (Cont'd)

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

140 1420. 248.8 228.0 97.1 98.4 43.64
141 1421. 246.7 227.4 97.1 98.0 37.68
142 1422. 246.7 224.7 97.7 98.1 43.37
143 1423. 245.1 220.3 96.9 98.1 34.22
144 1424. 241.3 222.4 ? 98.7 13.09
145 1425. 237.9 221.7 ? 99.2 26.40
146 1426. 235.5 218.3 100.2 99.7 23.48
147 1427. 235.5 216.3 ? 98.6 19.31
148 1428. 233.8 214.5 ? 99.0 13.78
149 1429. 229.7 214.6 ? 100.1 22.94
150 1430. 228.8 214.2 ? 100.3 17.47
151 1431. 226.1 212.6 1 100.4 23.22
152 1432. 224.1 207.4 ? 99.8 39.96
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Day 2
M60 Tank No. 2, OE/HDO-15/40 Lubricant

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

58 1258. 122.9 122.6 ? 96.9 19.39
59 1259. 120.9 127.6 ? 95.3 23.29
60 1300. 131.6 130.7 ? 94.6 17.82
61 1301. 133.9 132.9 ? 94.5 24.43
62 1302. 133.1 141.0 100.0 93.8 23.82
63 1303. 139.6 146.9 99.8 93.8 24.09
64 1304. 142.2 149.0 100.7 95.1 20.56
65 1305. 143.9 148.2 100.3 94.9 24.32
66 1306. 167.9 152.1 98.4 94.7 23.44
67 1307. 187.6 157.1 97.4 93.8 23.41
68 1308. 189.7 160.5 97.4 93.4 23.73
69 1309. 200.0 158.6 ? 93.7 19.87
70 1310. 200.9 156.8 ? 94.4 25.34
71 1311. 203.5 162.7 95.7 94.1 25.04
72 1312. 208.3 165.5 96.4 94.1 26.64
73 1313. 213.8 164.1 97.2 93.8 22.53
74 1314. 218.3 166.9 ? 93.6 11.70
75 1315. 218.7 170.4 ? 93.5 21.24
76 1316. 221.2 179.5 99.6 94.2 22.85
77 1317. 218.5 172.4 100.2 94.9 23.54
78 1318. 225.4 172.8 99.0 95.0 24.92
79 1319. 228.8 174.8 97.7 94.6 25.37
80 1320. 221.9 184.0 ? 94.4 14.20
81 1321. 220.5 195.6 ? 97.4 14.61
82 1322. 217.3 193.1 ? 96.3 14.78
83 1323. 212.5 192.3 ? 99.8 .545
84 1324. 210.6 191.8 ? 120.3 .578
85 1325. 210.7 191.1 ? 126.7 14.32
86 1326. 218.6 177.5 ? 101.7 25.40
87 1327. 222.1 174.5 102.8 96.7 22.88
88 1328. 227.0 175.4 100.3 95.8 22.74
89 1329. 226.3 176.7 ? 95.4 18.39
90 1330. 231.6 181.6 ? 94.5 26.28
91 1331. 226.4 181.7 98.4 94.9 33.50
92 1332. 232.3 180.3 ? 94.4 19.99
93 1333. 234.2 182.7 ? 94.6 25.26
94 1334. 231.3 178.8 97.2 95.0 24.19
95 1335. 234.3 183.0 97.2 95.1 26.01
96 1336. 241.1 186.3 96.9 95.2 26.77
97 1337. 233.1 194.2 96.5 94.6 27.60

Notes: Mlin in column I indicates minutes past noon on the day of each test.
Time is in military format.
All temperatures are degrees Fahrenheit. To convert to degrees

Centrigrade, multiply temperature (OF) - 32 by 5/9.
Oil pressure is in psig.
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Day 2
M60 Tank No. 2, OE/HDO-I5/40 Lubricant (Cont'd)

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

98 1338. 228.9 204.6 ? 98.9 13.31

99 1339. 222.4 202.5 ? 97.9 13.54

100 1340. 224.8 188.7 ? 96.7 40.43

101 1341. 228.8 186.0 100.5 95.7 24.02

102 1342. 227.3 181.4 99.0 95.3 15.70

103 1343. 235.2 185.2 98.2 94.5 25.43

104 1344. 237.3 187.4 97.9 94.6 25.13

105 1345. 243.5 189.5 98.0 94.5 25.51

106 1346. 241.7 190.3 98.0 94.6 26.85

107 1347. 244.3 189.1 97.5 94.3 23.67

108 1348. 238.9 197.0 ? 94.5 12.07

109 1349. 232.8 205.7 ? 95.4 12.94

110 1350. 235.3 185.6 ? 94.3 20.82

II 1351. 236.1 187.4 ? 93.8 18.24

112 1352. 236.7 184.9 ? 94.0 14.55

113 1353. 229.6 197.7 ? 94.5 22.88

114 1354. 231.0 198.4 ? 95.7 12.16

115 1355. 227.3 189.6 ? 95.8 20.42

116 1356. 229.4 183.9 98.1 95.5 22.43

117 1357. 235.8 184.7 98.4 95.9 22.13

118 1358. 239.6 188.9 98.2 95.8 24.66

119 1359. 231.9 191.3 97.8 95.3 23.94

120 1400. 237.6 186.6 97.8 95.7 24.66

121 1401. 238.3 188.0 98.1 95.7 26.63

122 1402. 241.6 191.0 98.2 95.7 26.70

123 1403. 239.4 200.5 99.1 96.4 34.76

124 1404. 245.4 194.1 99.9 96.7 26.20

125 1405. 243.8 196.8 99.8 96.8 24.94

126 1406. 237.2 204.5 99.3 96.2 24.38

127 1407. 241.3 196.9 99.0 95.9 22.20

128 1408. 241.3 203.7 98.4 95.8 23.98

129 1409. 244.5 192.0 97.8 96.0 23.92

130 1410. 246.2 195.8 97.6 96.0 24.83

131 1411. 245.1 199.8 97.6 96.0 22.70

t32 1412. 245.5 196.0 97.6 95.8 22.32

133 1413. 247.9 197.0 98.0 95.8 22.60

134 1414. 248.4 199.9 97.6 95.7 22.40

135 1415. 249.0 198.4 97.6 95.8 23.88

136 1416. 246.2 204.9 98.0 96.1 22.92

137 1417. 245.4 198.6 98.4 96.4 20.06

138 1418. 245.8 197.1 98.0 96.1 23.35

139 1419. 251.0 198.7 ? 96.1 15.97

140 1420. 249.0 196.4 ? 95.9 22.81

141 1421. 245.3 200.6 ? 95.8 9.100

142 1422. 243.1 205.9 ? 95.8 25.29
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Day 2
M60 Tank No. 2, OEIHDO-15/40 Lubricant (Cont'd)

Compart-

Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

143 1423. 241.6 199.4 97.8 95.8 30.41

144 1424. 246.1 199.4 97.9 96.1 23.13

145 1425. 243.8 197.7 ? 96.4 10.06

146 1426. 243.9 198.8 ? 96.5 24.34

147 1427. 241.5 204.2 ? 96.3 12.13

148 1428. 241.8 209.9 96.9 12.15

149 1429. 236.7 208.6 ? 97.2 12.29

150 1430. 230.7 205.7 ? 97.7 16.82

151 1431. 226.4 204.3 ? 97.9 12.93
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Day 2
M60 Tank No. 3, SAE-50 Lubricant

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

58 1258. 121.8 123.5 ? 97.2 30.65

59 1259. 123.9 129.8 106.2 96.4 36.38
60 1300. 130.4 135.1 105.7 95.6 24.67

61 1301. 137.7 137.6 105.7 95.8 48.34

62 1302. 150.3 148.3 104.0 95.2 47.94

63 1303. 161.3 160.4 102.1 95.2 32.90

64 1304. 163.5 165.8 101.1 95.6 26.01
65 1305. 170.3 168.2 99.8 96.1 36.67

66 1306. 179.4 175.6 97.8 95.5 36.44

67 1307. 190.8 182.2 97.0 95.0 35.29
68 1308. 203.1 192.1 96.5 94.8 27.89
69 1309. 213.2 197.5 96.4 94.7 23.43
70 1310. 221.3 201.9 96.1 94.8 27.41
71 1311. 221.0 205.5 96.5 95.4 38.42

72 1312. 225.8 210.6 95.9 95.1 37.20
73 1313. 237.1 209.9 96.8 95.6 36.93

74 1314. 235.8 211.7 98.2 95.2 33.39
75 1315. 238.3 213.9 98.5 95.3 29.25
76 1316. 241.8 216.5 100.1 95.6 21.48

77 1317. 246.7 218.7 100.6 95.6 31.02

78 1318. 252.7 221.3 101.3 95.9 34.36

79 1319. 254.4 224.1 101.1 95.2 36.05

80 1320. 255.4 225.8 100.8 95.0 19.06

81 1321. 248.6 225.9 ? 96.1 12.61

82 1322. 239.6 228.0 ? 101.7 -.626

83 1323. 238.3 229.6 1 107.4 -.623

84 1324. 237.8 223.4 ? 126.0 -.607

85 1325. 241.2 224.9 ? 122.2 12.69

86 1326. 240.5 220.6 ? 102.8 26.29
87 1327. 247.6 221.0 106.0 97.5 35.09

88 1328. 250.7 223.5 104.5 96.5 31.98

89 1329. 255.6 225.4 103.2 96.5 36.52

90 1330. 254.0 229.4 102.9 96.2 24.52

91 1331. 256.0 227.1 ? 96.3 19.73

92 1332. 255.2 229.1 ? 96.3 15.62

93 1333. 257.3 228.6 ? 95.7 20.23
94 1334. 261.6 229.8 100.7 95.4 38.36

95 1335. 264.2 232.2 100.6 95.4 37.32

96 1336. 265.1 233.5 100.5 95.6 35.62

97 1337. 266.6 235.7 100.3 95.5 37.77

Notes: Min in column I indicates minutes past noon on the day of each test.
Time is in military format.
All temperatures are degrees Fahrenheit. To convert to degrees

Centrigrade, multiply temperature (OF) - 32 by 5/9.
Oil pressure is in psig.

31



Day 2
M60 Tank No. 3, SAE-50 Lubricant (Cont'd)

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

98 1338. 254.5 239.8 ? 97.4 10.62

99 1339. 255.0 236.9 ? 97.5 16.66

100 1340. 250.8 231.2 ? 98.2 15.14

101 1341. 256.0 227.4 ? 97.0 24.24

102 1342. 253.8 229.1 102.2 96.5 27.53

103 1343. 260.2 230.3 101.7 96.1 29.88

104 1344. 264.1 231.6 101.4 96.2 27.23

105 1345. 263.0 235.4 ? 95.8 17.94

106 1346. 269.5 237.9 ? 96.2 32.05 ..

107 1347. 268.5 237.5 101.1 95.4 31.03

108 1348. 258.5 237.8 101.2 95.6 28.08

109 1349. 269.3 236.9 99.8 95.5 32.87

110 1350. 272.1 240.4 99.2 95.2 25.22

111 1351. 259.8 241.7 99.9 95.8 27.52

112 1352. 265.4 240.3 ? 97.5 8.580

113 1353. 262.0 236.3 ? 97.2 30.64

114 1354. 261.6 235.7 100.5 97.1 21.54

115 1355. 263.1 234.6 101.5 97.9 31.79

116 1356. 263.2 235.2 101.3 96.5 33.12

117 1357. 266.6 236.3 101.8 97.1 34.93

118 1358. 267.7 236.6 101.0 96.7 33.70

119 1359. 255.9 241.5 ? 97.4 11.21

120 1400. 268.3 237.3 ? 97.8 32.49

121 1401. 271.4 239.0 101.4 96.6 22.10

122 1402. 271.7 239.2 101.8 96.6 30.84

123 1403. 266.8 245.3 ? 97.2 9.950

124 1404. 261.9 240.8 ? 97.5 10.59

125 1405. 251.9 237.6 ? 97.6 29.21

126 1406. 258.6 232.5 101.7 96.4 30.39

127 1407. 2611.2 233.2 101.2 96.6 38.98

128 1408. 266.5 234.8 100.9 96.2 37.26

129 1409. 268.3 237.6 101.1 97.1 32.21

130 1410. 270.4 238.2 100.9 96.7 29.17

131 1411. 266.5 239.0 100.9 96.6 33.18

132 1412. 270.5 239.9 100.8 96.5 33.23

133 1413. 271.4 240.2 100.9 96.4 27.75

134 1414. 272.2 241.0 101.1 96.7 34.24

135 1415. 272.2 242.0 101.2 96.6 26.89

136 1416. 264.7 242.3 101.4 97.1 25.09

137 1417. 255.9 242.9 101.5 97.1 34.88

138 1418. 275.0 245.2 101.3 96.8 30.54

139 1419. 275.2 244.1 ? 96.4 19.79

140 1420. 276.8 245.2 ? 96.5 31.39

141 1421. 272.3 246.0 100.7 96.4 25.97

142 1422. 270.9 244.6 100.7 96.6 24.65
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Day 2
M60 Tank No. 3, SAE-50 Lubricant (Cont'd)

Compart-

Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

143 1423. 274.0 245.3 100.8 96.8 22.30

144 1424. 269.3 245.3 101.6 97.7 23.25

145 1425. 257.2 244.8 ? 98.2 10.10

146 1426. 261.5 238.6 ? 98.4 25.37

147 1427. 262.9 236.6 102.5 97.4 32.12

148 1428. 258.9 239.0 98.7 9.940

149 1429. 256.1 238.5 ? 98.8 10.10

150 1430. 254.0 235.2 ? 98.4 9.130

151 1431. 251.1 230.8 ? 98.9 24.16

152 1432. 247.8 225.3 104.2 98o2 33.71

153 1433. 240.8 226.4 ? 98.7 12.16
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Day 3
M60 Tank No. 1, OE/HDO-15/40 Lubricant

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

43 1243. 104.1 106.2 ? 92.9 30.19
44 1244. 109.5 112.4 96.4 91.5 46.12
45 1245. 110.6 118.8 98.0 92.3 56.96
46 1246. 124.6 124.1 99.2 91.2 42.75
47 1247. 125.8 125.4 100.0 91.8 42.18
48 1248. 127.2 126.6 99.7 92.0 41.30
49 1249. 128.4 127.7 98.8 92.3 40.85
50 1250. 129.7 128.7 99.8 92.3 40.07
51 1251. 130.9 129.7 100.4 92.4 39.41
52 1252. 132.0 130.5 101.2 92.7 38.69
53 1253. 133.0 131.1 101.8 92.4 38.18
54 1254. 134.0 131.7 102.0 92.8 37.82
55 1255. 134.8 132.1 102.0 92.4 37.54
56 1256. 136.3 134.6 101.7 92.1 32.89
57 1257. 142.0 135.7 101.3 92.6 28.31
58 1258. 140.6 136.5 102.0 92.8 33.44
59 1259. 140.1 136.6 102.4 93.3 33.80
60 1300. 156.3 141.5 102.4 94.0 51.23
61 1301. 163.3 150.0 102.2 95.3 54.93
62 1302. 160.7 150.3 102.0 94.5 39.36
63 1303. 160.8 153.1 102.3 94.6 25.41
64 1304. 179.8 156.6 101.3 94.6 56.86
65 1305. 190.5 165.6 101.2 96.1 54.12
66 1306. 192.9 173.3 102.0 95.9 49.81
67 1307. 204.2 178.8 101.8 97.2 37.07
68 1308. 209.4 184.5 101.8 97.5 39.84
69 1309. 211.6 189.6 101.0 96.6 40.68
70 1310. 216.1 192.7 100.4 96.7 48.20
71 1311. 218.0 195.1 100.9 97.1 54.52
72 1312. zzJ.z i99.5 i01.7 97.6 50.63
73 1313. 228.3 202.1 102.3 97.5 40.99
74 1314. 229.3 206.4 101.8 97.8 27.27
75 1315. 233.3 208.3 101.5 97.3 36.93
76 1316. 234.6 210.5 101.2 96.7 46.97
77 1317. 236.7 211.8 100.6 98.5 25.83
78 1318. 241.9 216.2 100.9 98.2 48.16
79 1319. 242.2 216.8 100.4 97.1 32.45
80 1320. 240.5 217.7 101.2 97.7 50.92
81 1321. 243.2 217.4 101.6 99.1 46.35
82 1322. 236.6 219.4 102.2 99.1 19.30

Notes: Min in column I indicates minutes past noon on the day of each test.
Time is in military format.
All temperatures are degrees Fahrenheit. To convert to degrees

Centrigrade, multiply temperature (OF) - 32 by 5/9.
Oil pressure is in psig.
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Day 3
M60 Tank No. 1, OE/HDO-15/40 Lubricant (Cont'd)

Compart-

Sump Gallery Amb. ment Oil

Min Time Temp Tem_ Temp Tmp_ Pressure

83 1323. 249.1 222.3 102.6 99.1 45.15

84 1324. 250.5 223.8 102.1 98.4 42.78

85 1325. 248.5 225.3 102.2 97.6 22.98

86 1326. 244.9 226.0 ? 98.3 11.13

87 1327. 247.8 223.0 ? 98.6 43.72

88 1328. 250.9 225.5 100.1 98.4 47.42

89 1329. 248.1 224.8 100.1 97.7 44.03

90 1330. 253.5 225.2 99.6 97.6 45.92

91 1331. 255.9 228.6 99.8 98.0 39.39

92 1332. 258.5 231.3 99.9 97.6 42.50

93 1333. 262.3 231.4 100.4 98.8 31.37

94 1334. 262.6 233.4 99.5 99.9 41.12

95 1335. 265.8 234.7 99.9 99.0 43.45

96 1336. 259.2 236.6 ? 98.6 10.00

97 1337. 257.2 238.0 ? 98.6 10.06

98 1338. 254.4 235.4 ? 98.1 10.44

99 1339. 256.4 230.2 ? 97.2 42.21

100 1340. 258.9 232.5 99.3 97.7 43.08

101 1341. 258.5 233.6 98.4 98.0 42.80

102 1342. 257.5 239.7 98.6 97.6 26.49

103 1343. 255.2 238.7 100.1 98.7 22.45

104 1344. 253.7 236.5 101.6 100.2 28.65

105 1345. 248.8 232.1 100.4 99.3 33.51

106 1346. 248.6 229.7 100.7 99.2 40.00

107 1347. 251.4 227.0 100.4 98.5 33.85

108 1348. 251.0 228.7 ? 99.4 10.53

109 1349. 250.6 226.3 ? 100.9 39.49

110 1350. 254.5 228.5 103.1 99.3 40.75

111 1351. 257.9 231.3 103.0 100.5 38.26

112 1352. 256.6 232.5 102.1 100.1 34.57

113 1353. 255.8 236.0 100.5 99.5 35.33

114 1354. 253.3 231.4 99.8 98.6 41.10

115 1355. 255.7 232.1 ? 98.9 19.72

116 1356. 253.8 234.0 ? 101.7 30.09

117 1357. 257.7 232.1 101.7 101.2 39.92

118 1358. 255.6 232.8 102.1 101.0 39.30

119 1359. 259.6 234.8 ? 99.9 19.45

120 1400. 263.7 236.2 ? 100.3 43.05

121 1401. 263.9 238.9 102.2 99.9 37.25

122 1402. 262.5 238.1 102.6 99.8 31.55

123 1403. 258.8 238.8 ? 101.0 10.00

124 1404. 255.6 236.7 ? 100.3 29.09

125 1405. 255.2 232.9 100.7 99.6 46.81

126 1406. 258.3 233.0 100.3 99.5 39.93

127 1407. 258.5 234.4 99.3 99.0 40.95
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Day 3
M60 Tank No. 1, OE/HDO-15/40 Lubricant (Cont'd)

Compart-
Sump Gallery Amb. ment Oil

Min Time Tem p Temp Temp Temp Pressure

128 1408. 257.2 236.6 99.8 99.8 18.30

129 1409. 251.1 233.3 ? 100.9 10.59

130 1410. 248.5 231.2 ? 100.8 10.82

131 1411. 246.0 228.4 ? 102.0 11.22

132 1412. 243.0 225.4 ? 102.2 11.52

133 1413. 239.9 222.1 ? 102.1 11.93

134 1414. 236.8 218.9 ? 101.8 12.40

135 1415. 233.6 215.4 ? 100.3 12.73

136 1416. 230.9 211.9 ? 99.5 13.22

137 1417. 228.3 208.7 ? 99.6 13.68

138 1418. 225.4 205.5 ? 99.7 14.17

139 1419. 222.2 202.4 ? 99.1 14.63

140 1420. 218.6 199.5 ? 99.3 i5.09

141 1421. 215.1 196.7 ? 99.6 15.60

142 1422. 211.6 193.9 ? 99.5 16.13

143 1423. 208.2 191.4 99.2 99.8 16.56

144 1424. 204.9 188.7 99.0 99.9 17.14

145 1425. 202.0 186.3 98.8 99.4 17.42

146 1426. 199.1 184.1 98.6 99.7 17.98

147 1427. 202.8 182.7 99.7 99.6 49.02

148 1428. 207.7 190.0 100.7 99.6 49.59

149 1429. 214.6 192.9 99.5 98.5 50.80

150 1430. 219.9 196.7 100.0 98.3 41.53

151 1431. 228.7 202.2 99.9 98.5 44.88

152 1432. 229.8 207.1 ? 98.9 39.68

153 1433. 232.6 213.2 ? 98.7 16.69

154 1434. 240.0 214.7 ? 99.2 45.69

155 1435. 240.4 217.6 ? 99.1 37.81

156 1436. 244.1 220.3 99.6 99.3 36.45

157 1437. 250.0 222.9 99.S 99.5 4,81

158 1438. 250.4 230.5 99.8 99.8 37.77

159 1439. 248.4 231.5 100.0 99.8 36.75

160 1440. 250.4 228.9 100.1 100.1 29.19

161 1441. 252.7 229.6 101.2 100.2 23.53

162 1442. 248.3 231.0 100.8 99.8 34.87

163 1443. 249.7 229.8 100.8 99.8 41.97

164 1444. 247.0 230.7 102.3 100.4 29.57

165 1445. 247.5 227.3 101.1 15.64

166 1446. 248.1 227.8 ? 101.2 10.67

167 1447. 245.7 224.8 ? 101.8 12.66

168 1448. 243.2 227.1 ? 104.8 17.53

169 1449. 241.4 223.6 ? 102.1 11.55

L70 1450. 237.8 221.8 7 102.0 11.96

171 1451. 236.6 215.9 ? 100.5 38.31
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Day 3
M60 Tank No. 2, SAE-50 Lubricant

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

56 1256. 126.7 135.3 ? 95.5 39.80
57 1257. 136.7 137.1 101.9 94.4 39.15
58 1258. 135.9 139.7 101.0 94.7 38.41
59 1259. 141.0 140.5 101.2 94.8 37.50
60 1300. 154.6 145.2 101.5 95.1 57.77
61 1301. ? 149.8 101.0 94.9 58.85
62 1302. ? 152.8 101.3 95.1 60.17
63 1303. ? 153.8 101.3 94.6 27.70
64 1304. ? 156.2 101.5 94.3 57.29
65 1305. ? 160.9 100.8 94.4 57.60
66 1306. ? 167.2 100.4 94.3 56.87
67 1307. ? 173.7 101.0 95.3 59.33
68 1308. ? 177.4 100.8 94.5 24.45
69 1309. ? 182.4 100.1 94.5 56.76
70 1310. ? 187.7 99.2 94.6 51.41
71 1311. ? 188.6 98.8 94.7 55.67
72 1312. ? 190.8 98.6 94.4 56.22
73 1313. ? 195.3 98.5 94.2 55.43
74 1314. ? 198.9 99.2 94.8 44.13
75 1315. ? 199.3 99.7 94.8 46.45
76 1316. ? 198.4 99.3 94.7 47.82
77 1317. ? 200.4 99.7 95.3 52.64
78 1318. ? 202.2 99.7 95.0 51.15
79 1319. ? 204.0 99.3 94.6 53.29
80 1320. ? 205.1 99.2 94.9 45.80
81 1321. ? 208.3 99.8 95.6 45.12
82 1322. ? 208.7 101.1 96.8 46.84
83 1323. 7 212.1 102.0 97.2 51.62
84 1324. 212.8 102.3 96.6 51.09
85 1325. ?214.5 102.4 96.8 46.40
86 1326. ? 216.3 102.5 97.1 45.79
87 1327. ? 216.0 ? 98.3 12.16
88 1328. ? 215.2 ? 96.6 34.17
89 1329. ? 218.5 99.8 96.8 53.28
90 1330. ? 217.8 99.1 96.0 48.86
91 1331. ? 217.0 98.9 96.1 48.59
92 1332. ? 220.9 99.3 96.4 44.56
93 1333. ? 222.1 99.6 96.8 43.89
94 1334. ? 222.5 100.1 97.0 50.36
95 1335. ? 222.7 100.4 96.4 50.13

Notes: Mlin in column I indicates minutes past noon on the day of each test.
Time is in military format.
All temperatures are degrees Fahrenheit. To convert to degrees

Centrigrade, multiply temperature (OF) - 32 by 5/9.
Oil pressure is in psig.
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Day 3
M60 Tank No. 2, SAE-50 Lubricant (Cont'd)

Com par t-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

96 1336. ? 222.9 99.1 96.1 45.73
97 1337. ? 222.8 98.7 96.2 44.23
98 1338. ? 224.8 ? 95.9 14.76
99 1339. ? 225.5 ? 96.6 45.37
i00 1340. o 225.6 99.2 96.4 42.81
101 1341. ? 224.9 98.6 96.5 48.99
102 1342. ? 227.0 98.5 96.5 44.00
103 1343. ? 227.2 ? 96.9 10.66
104 1344. ? 226.1 ? 97.1 28.36
105 1345. 224.5 101.1 97.4 38.73
106 1346. ? 216.5 99.7 97.5 51.88
107 1347. ? 218.3 101.1 98.1 44.21
108 1348. ? 217.3 99.8 97.5 42.50
109 1349. ? 217.8 ? 98.0 12.07
110 1350. ? 216.6 ? 98.6 12.42
111 1351. ? 216.4 ? 98.2 49.88
112 1352. ? 218.1 101.1 97.7 47.71
113 1353. ? 221.1 101.3 98.3 44.94
114 1354. ? 220.9 100.4 97.8 46.21
115 1355. ? 222.8 99.3 97.4 43.87
116 1356. ? 224.3 99.5 97.6 43.11
117 1357. ? 224.5 101.2 98.4 35.59
118 1358. ? 222.2 101.7 97.9 45.98
119 1359. ? 222.5 100.7 97.8 45.00
120 1400. ? 224.9 101.1 98.1 42.87
121 1401. ? 226.7 101.8 98.6 43.61
122 1402. ? 229.8 102.6 99.4 46.18
123 1403. ? 229.4 102.1 98.1 39.71
124 1404. ? 231.0 102.0 98.6 39.17
1- 1405. -- 23 q 100.6 98.0 217
126 1406. ? 229.1 100.2 98.1 39.93
127 1407. ? 230.7 99.7 98.0 35.37
128 1408. ? 230.2 99.7 97.9 40.52
129 1409. ? 227.9 100.3 98.6 33.01
130 1410. " 228.3 ? 98.9 10.94
131 1411. ? 225.3 ? 99.4 11.37
132 1412. ? 222.3 ? 99.9 11.72
133 1413. ? 218.8 ? 100.3 12.11
134 1414. ? 215.4 ? 100.3 12.51
135 1415. ? 211.9 ? 100.3 13.07
136 1416. ? 208.4 100.5 13.62
137 1417. ? 204.9 100.3 14.17
138 1418. 2 201.4 100.4 14.78
139 1419. ? 198.1 ? 100.3 15.34
140 1420. ? 195.0 ? 100.4 16.01
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Day 3
M60 Tank No. 2, SAE-50 Lubricant (Cont'd)

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

141 1421. ? 191.5 ? 100.0 16.64
142 1422. ? 189.0 ? 100.6 17.22
143 1423. ? 186.1 ? 100.7 17.86
144 1424. ? 183.5 ? 100.6 18.54
145 1425. ? 180.8 ? 100.2 19.17
146 1426. ? 179.0 ? 100.3 49.55
147 1427. ? 179.0 100.6 98.8 57.46
148 1428. ? 185.7 99.9 98.2 50.64
149 1429. ? 189.1 99.5 97.8 47.07
150 1430. ? 193.6 99.9 98.2 53.54
151 1431. ? 198.4 100.6 98.6 44.02
152 1432. ? 203.6 100.8 98.7 46.30
153 1433. ? 203.9 100.4 98.4 24.58
154 1434. ? 207.7 100.3 98.7 48.46
155 1435. ? 210.1 99.4 98.2 49,20
156 1436. ? 213.4 99.5 98.2 48.75
157 1437. ? 216.1 99.8 98.4 48.61
158 1438. ? 217.6 99.3 98.3 30.51
159 1439. ? 218.8 99.2 98.2 48.40
160 1440. ? 219.9 99.1 98.2 45.39
161 1441. ? 220.7 2 98 9 13.49
162 1442. ? 219.1 ? 99.9 12.13
163 1443. ? 216.4 ? 99.9 1,'.51
164 1444. ? 209.7 ? 99,9 12.99
165 1445. ? 211.3 ? 99.8 43.89
166 1446. ? 210.3 ? 99.1 11.61
167 1447. ? 206.7 ? 100.5 4 .97
168 1448. ? 208.2 103.9 101.9 35.88
169 1449. ? 205.7 ? 100.3 14.11
170 1,50. v 203.0 v 100.3 29.84
171 1451. ? 200.4 ? 101.1 15.05
172 1452. ? 197.9 ? 101.3 15.52
173 1453. ? 195.6 ? 103.8 16.02
174 1454. ? 193.4 ? 102.8 16.45
175 1455. ? 190.3 ? 102.7 16.95
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Day 3
M60 Tank No. 3, OE/HDO-40 Lubricant

Compart-
Sump Gallery Amb. ment Oil

M in Time Temp Temp Temp Temp Pressure

56 1256. 116.1 121.4 ? 92.0 25.45

57 1257. 123.8 128.8 101.2 90.6 29.75

58 1258. 122.6 132.5 100.5 91.1 30.86 -

59 1259. 127.1 134.9 101.7 91.5 24.52
60 1300. 140.8 142.6 102.6 92.1 37.70

61 1301. 160.1 154.7 103.1 93.2 28.68

62 1302. 149.4 160.9 102.9 92.9 25.37
63 1303. 155.7 165.5 103.1 92.2 25.70
64 1304. 171.3 169.2 103.1 91.7 30.86
65 1305. 179.0 175.2 103.3 93.3 32.03
66 1306. 194.0 184.0 103.3 92.8 35.88
67 1307. 199.8 191.1 103.3 92.8 38.59
68 1308. 210.0 195.5 ? 92.3 18.78
69 1309. 214.8 199.5 ? 93.5 45.20

70 1310. 221.2 202.2 102.0 93.6 27.54

71 1311. 226.8 205.0 101.2 94.1 29.37
72 1312. 232.0 208.5 101.2 93.9 28.50
73 1313. 236.0 211.7 101.1 94.0 30.52
74 1314. 235.4 213.8 101.4 94.6 29.57

75 1315. 236.5 216.0 101.3 94.5 33.13
76 1316. 240.1 215.3 101.2 92.7 29.91
77 1317. 239.3 218.7 101.1 93.8 36.58
78 1318. 243.5 218.0 101.1 93.4 31.38

79 1319. 245.7 221.0 101.0 93.8 24.75
80 1320. 250.3 222.5 101.7 93.7 35.93

81 1321. 247.9 222.4 102.4 94.5 33.48
82 1322. 249.9 224.4 103.0 94.4 33.15
83 1323. 252.1 226.0 103.5 95.4 33.09

84 1324. 247.0 228.0 103.8 94.6 27.60

5 1325. 26 22.4 103.5 94.5 3!08
86 1326. 235.6 234.4 ? 94.9 10.41

87 1327. 241.6 234.2 ? 95.0 9.76

88 1328. 249.9 227.2 ? 94.3 33.13
89 1329. 256.5 227.7 102.9 94.7 39.10
90 1330. 256.4 229.0 102.8 94.6 34.90
91 1331. 258.8 230.7 102.8 94.2 21.41
92 1332. 258.1 231.0 102.8 94.3 21.70
93 1333. 266.2 233.9 102.9 95.3 23.13
94 1334. 266.2 236.4 103.1 94.9 29.08

95 1335. 267.3 238.6 102.7 95.0 24.19

Notes: Min in column I indicates minutes past noon on the day of each test.
Time is in military format.
All temperatures are degrees Fahrenheit. To convert to degrees

Centrigrade, multiply temperature (OF) - 32 by 5/9.
Oil pressure is in psig.
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Day 3
M60 Tank No. 3, OE/HDO-40 Lubricant (Cont'd)

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

96 1336. 274.3 241.1 101.9 94.7 36.06
97 1337. 250.7 245.5 ? 96.1 8.72
98 1338. 257.2 243.3 ? 96.6 8.38
99 1339. 261.0 237.1 ? 96.5 25.23
100 1340. 261.8 234.4 102.6 95.0 31.69
101 1341. 265.2 236.5 102.4 95.2 21.63
102 1342. 264.3 237.3 102.3 95.1 31.19
103 1343. 260.1 238.8 103.0 95.7 24.40
104 1344. 257.8 234.3 ? 96.6 10.52
105 1345. 256.2 233.2 ? 96.1 28.80
106 1346. 243.5 231.9 102.4 96.3 20.09
107 1347. 253.2 231.4 103.4 97.0 30.75
108 1348. 254.7 231.4 103.4 96.2 26.44
109 1349. 252.3 231.6 104.1 98.1 29.23
110 1350. 253.9 229.6 104.9 97.4 32.43
111 1351. 253.2 231.2 105.3 97.1 35.57
112 1352. 258.1 234.9 105.2 97.1 28.06
113 1353. 251.9 232.8 103.6 97.2 28.43
114 1354. 257.8 233.9 103.3 96.5 30.72
115 1355. 256.4 234.4 103.2 96.1 29.89
116 1356. 250.6 238.2 ? 98.6 9.75
117 1357. 255.6 232.2 98.3 32.09
118 1358. 257.3 233.8 105.1 98.6 30.77
119 1359. 260.5 235.0 104.7 97.8 31.46
120 1400. 261.8 236.2 104.8 97.8 29.16
121 1401. 265.6 237.4 104.9 98.1 36.10
122 1402. 263.3 237.8 105.1 97.3 26.83
123 1403. 241.2 244.4 ? 99.8 8.78
124 1404. 254.2 242.3 ? 100.4 8.10
125 145- 757.8 235.7 ? 98.2 25.70

126 1406. 259.2 234.8 104.6 97.7 29.18
127 1407. 260.3 234.5 104.0 97.4 32.73
128 1408. 262.8 234.5 103.2 97.3 33.89
129 1409. 248.4 240.0 ? 98.9 9.75
130 1410. 251.4 237.6 ? 99.1 10.02
131 1411. 247.7 235.1 ? 99.2 10.10
132 1412. 244.4 232.0 ? 99.1 10.40
133 1413. 240.4 228.9 ? 99.9 10.78
134 1414. 236.8 225.5 ? 99.4 11.20
135 1415. 233.2 222.3 ? 99.9 11.57
136 1416. 230.0 219.1 ? 99.5 11.93
137 1417. 226.3 216.0 7 99.1 12.30
138 1418. 223.1 213.0 ? 99.0 12.78
139 1419. 219.8 210.0 ? 98.5 13.33
140 1420. 216.7 207.3 99.2 13.68
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Day 3
M60 Tank No. 3, OE/HDO-40 Lubricant (Cont'd)

Compart-
Sump Gallery Amb. ment Oil

Min Time Temp Temp Temp Temp Pressure

141 1421. 213.9 204.7 ? 98.9 14.15
142 1422. 210.9 202.2 ? 99.0 14.65
143 1423. 208.2 199.7 ? 98.8 15.14
144 1424. 205.4 197.4 ? 99.0 15.66
145 1425. 202.8 195.2 ? 99.3 16.20
146 1426. 202.8 191.9 ? 100.3 34.66
147 1427. 207.5 193.3 99.5 98.3 34.66
148 1428. 217.3 199.7 101.5 99.0 28.45
149 1429. 219.1 204.1 102.1 97.5 30.55
150 1430. 226.3 207.4 102.6 97.5 32.23
151 1431. 228.5 211.5 102.9 97.5 32.64
152 1432. 238.4 214.9 103.1 97.4 22.15
153 1433. 240.7 217.4 103.4 97.6 21.18
154 1434. 245.6 220.7 103.3 97.2 30.67
155 1435. 247.6 224.1 103.2 97.2 32.87
156 1436. 248.5 226.7 103.3 97.3 26.55
157 1437. 249.7 229.7 103.5 97.3 30.22
158 1438. 245.9 229.8 103.6 97.7 21.04
159 1439. 253.3 231.4 104.1 98.4 20.01
160 1440. 256.2 231.6 103.9 97.5 29.36
161 1441. 240.5 236.0 ? 98.2 9.88
162 1442. 247.1 236.3 ? 99.1 9.86 -

163 1443. 246.8 234.3 ? 99.6 10.08
164 1444. 245.9 231.5 ? 98.5 10.35
165 1445. 244.1 224.6 ? 98.6 18.77
166 1446. 244.5 222.9 ? 98.7 27.69
167 1447. 243.3 223.2 104.7 101.1 22.71
168 1448. 239.7 224.3 ? 103.2 13.80
169 1449. 235.3 224.3 ? 100.6 10.27
170 1450. 236.6 220.5 9 100.1 12.92
171 1451. 234.5 216.5 ? 99.7 29.50
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APPENDIX B

Lubricant Analyses
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DISTRIBUTION LIST

DEPARTMENT OF DEFENSE CDR
US ARMY TANK-AUTOMOTIVE COMMAND

DEFENSE TECHNICAL INFORMATION CTR ATTN: AMSTA-RG (MR CHECKLICK) I
CAMERON STATION 12 AMSTA-TSL (MR BURG) I
ALEXANDRIA VA 22314 AMSTA-MTC (MR GAGLIO) IAMSTA-RGP (MR RAGGIO) I

DEPT OF DEFENSE AMSTA-MLF (MR KELLER) I

OASD/P&L AMSTA-MC 1

ATTN: L/EP (MR DYCKMAN) 1 AMSTA-MV I
AMSTA-Z (MR FARKUS) I

WASHINGTON DC 20301-8000 WARREN MI 48397-5000

CDR DIRECTOR
DEFENSE GENERAL SUPPLY CTR US ARMY AVIATION RESEARCH &
ATTN: DGSC-SSM I TECHNOLOGY ACTIVITIES (AVSCOM)
ATTN: DGSC-STC I ATTN: SAVRT-R (MR ANDRE)
RICHMOND VA 23297-5000 AMES RESEARCH CENTER

(MAIL STOP 207-5)
DOD MOFFETT FIELD CA 94035-1099
ATTN: DUSDRE (RAT) (DR DIX)

ROOM 3-D-1089, PENTAGON DIRECTOR
WASHINGTON DC 20301 US ARMY MATERIEL SYSTEMS

ANALYSIS ACTIVITY
ATTN: AMXSY-CM

DEPARTMENT OF THE ARMY ABERDEEN PROVING GROUND MD
21005-5006

CDR
US ARMY BELVOIR RESEARCH, CDR

DEVELOPMENT & ENGINEERING CTR THEATER ARMY MATERIAL MGMT

ATTN: STRBE-VF 10 CENTER (200TH)-DPGM
STRBE-V 20 DIRECTORATE FOR PETROL MGMTSTRBEBT 2ATTN: AEAGD-MMC-PT-QI

FORT BELVOIR VA 22060-5606 APON: 09052
APO NY 09052

HQ, DEPT OF ARMY PROJ MGR, MOBILE ELECTRIC POWER
ATTN: DALO-TSE I ATTN: AMCPM-MEP-TM

DALO-TSZ-B (MR KOWALCZYK) I (COL BRAMLETTE) I
DALO-PLA (DR WILTSHIRE) 1 7500 BACKLICK ROAD
SARD-TR (MS VANNUCCI) I SPRINGFIELD VA 22150

WASHINGTON DC 20310-0561
CDR

CDR US ARMY GENERAL MATERIAL &
US ARMY MATERIEL COMMAND PETROLEUM ACTIVITY
ATTN: AMCDE-SS I ATTN: STRGP-F (MR ASHBROOK) I

AMCSM-SP I STRGP-FE, BLDG 85-3
AMCDE-WH I (MR GARY SMITH) I

5001 EISENHOWER AVE STRGP-FT (MR ROBERTS) 1
ALEXANDRIA VA 22333-0001 NEW CUMBERLAND PA 17070-5008

DIRECTOR HQ
AVIATION APPLIED TECH DIR US ARMY ARMAMENT, MUNITIONS,
US ARMY R&T ACTIVITIES (AVSCOM) AND CHEMICALS COMMAND
ATTN: SAVRT-TY-ATP (MR MORROW) I ATTN: AMSAR-LEM I
FORT EUSTIS VA 23604-5577 ROCK ISLAND ARSENAL IL 61299-6000
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CDR CDR
US ARMY ARMAMENT RSCH, DEVEL & US ARMY TANK-AUTOMOTIVE CMD

ENGRG CENTER PROGR EXEC OFF CLOSE COMBAT
ATTN: SMCAR-LC 1 PM ABRAMS, ATTN: AMCPM-ABMS I

SMCAR-SC 1 PM BFVS, ATTN: AMCPM-BFVS I
SMCAR-ESC-S 1 PM 113 FOV, ATTN: AMCPM-M1 13

PICATINNY ARSENAL NJ 07806-5000 PM M60 FOV, ATTN: AMCPM-M60
APEO SYSTEMS, ATTN: AMCPEO-CCV-S 1

CDR PM LAV, ATTN: AMCPM-LA-E I
US ARMY WATERVLIET ARSENAL WARREN MI 40397-5000
ATTN: SARWY-RDD
WATERVLIET NY 12189 CDR

CDR US ARMY RESEARCH OFFICE

US ARMY FORCES COMMAND ATTN: SLCRO-EG (DR MANN)

ATTN: FCSJ-SA P 0 BOX 12211

FORT MCPHERSON GA 30330-6000 RSCH TRIANGLE PARK NC 27709-2211

CDR CDR
US ARMY RES, DEV & STDZN GROUP (UK) US ARMY TANK-AUTOMOTIVE CMD
ATTN: AMXSN-UK-RA PROGR EXEC OFF COMBAT SUPPORT

(DR REICHENBACH) 1 PM LIGHT TACTICAL VEHICLES
BOX 65 ATTN: AMCPM-TVL I
FPO NEW YORK 09510-1500 PM MEDIUM TACTICAL VEHICLES

ATTN: AMCPM-TVM I
CDR, US ARMY TROOP SUPPORT PM HEAVY TACTICAL VEHICLES

COMMAND ATTN: AMCPM-TVH I
ATTN: AMSTR-ME I WARREN MI 40397-5000

AMSTR-S I
AMSTR-E (MR CHRISTENSEN) I PROGRAM EXECUTIVE OFFICE, TROOP
AMSTR-WL I SUPPORT

4300 GOODFELLOW BLVD DEPUTY FOR SYSTEMS MGMT
ST LOUIS MO 63120-1798 ATTN: AMCEPO-TRP

CDR ST LOUIS MO 63120-1798
US ARMY LABORATORY COMMAND
ATTN: AMSLC-TP-PB (MR GAUL) I CDR

AMSLC-TP-AL I CHEMICAL RD&E CENTER
AnFELPHI MD 20783-1145 ATTN: SMCCR-MUS

ABERDEEN PROVING GRD MD
CDR 21010-5423
US ARMY DEPOT SYSTEMS COMMAND
ATTN: AMSDS-RM-EFO PROJ OFF, AMPHIBIOUS AND WATER
CHAMBERSBURG PA 17201 CRAFT

CDR, US ARMY AVIATION SYSTEMS CMD ATTN: AMCPM-AWC-R I
ATTN: AMSAV-EP 1 4300 GOODFELLOW BLVD
4300 GOODFELLOW BLVD ST LOUIS MO 63120-1798
ST LOUIS MO 63120-1798

CDR
CDR US ARMY FOREIGN SCIENCE & TECH
US ARMY YUMA PROVING GROUND CENTER
ATTN: STEYP-MT-TL-M ATTN: AIAST-RA-ST3 (MR BUSI)

(MR DOEBBLER) I FEDERAL BLDG
YUMA AZ 85364-9130 CHARLOTTESVILLE VA 22901
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DIR CDR
AMC PACKAGING, STORAGE, AND US ARMY QUARTERMASTER SCHOOL

CONTAINERIZATION CTR ATTN: ATSM-CDM
ATTN: SDSTO-TE-S I ATSM-LL FSD
TOBYHANNA PA 18466-5097 FORT LEE VA 23801

CDR DIRECTOR
US ARMY LEA US ARMY RSCH & TECH ACTIVITIES
ATTN: DALO-LEP I (AVSCOM)
NEW CUMBERLAND ARMY DEPOT PROPULSION DIRECTORATE
NEW CUMBERLAND PA 17070 ATTN: SAVRT-PL-C (MR ACURIO)

21000 BROOKPARK ROADCDR CLEVELAND OH 44135-3127

US ARMY GENERAL MATERIAL &

PETROLEUM ACTIVITY PROJECT MANAGER
ATTN: STRGP-PW RJETMAAEPETROLEUM & WATER LOGISTICS
BLDG 247, DEFENSE DEPOT TRACY ATTN: AMCPM-PWL
TRACY CA 95376-5051 4300 GOODFELLOW BLVD

CDR ST LOUIS MO 63120-1798

AMC MATERIEL READINESS SUPPORT
ACTIVITY (MRSA) CDR

ATTN: AMXMD-MO (MR BROWN) COMBINED ARMS COMBAT
LEXINGTON KY 40511-5101 DEVELOPMENT ACTIVITY

ATTN: ATZL-CAT-E
CDR FORT LEAVENWORTH KS 66627-5300
US ARMY ORDNANCE CENTER &

SCHOOL CDR
ATTN: ATSL-CD-CS I US ARMY LOGISTICS CTR
ABERDEEN PROVING GROUND MD ATTN: ATCL-CD
21005-5006 ATCL-MS

FORT LEE VA 23801-6000
CDR
US ARMY ENGINEER SCHOOL HQ
ATTN: ATSE-CD I US ARMY TRAINING & DOCTRINE CMD
LEONARD WOOD MO 65473-5000 ATTN: ATCD-SL

FORT MONROE VA 23651-5000
HQ, US ARMY T&E COMMAND
ATTN: AMSTE-CM-R-O 1 CDR

AMSTE-TE-T 1 US ARMY TRANSPORTATION SCHOOL
ABERDEEN PROVING GROUND MD ATTN: ATSP-CD-MS
21005-5006 FORT EUSTIS VA 23604-5000

CDR CDR
CONSTRUCTION ENG RSCH LAB US ARMY FIELD ARTILLERY SCHOOL
ATTN: CERL-ES I ATTN: ATSF-CD
P O BOX 4005 FORT SILL OK 73503-5600
CHAMPAIGN IL 61820

CDR
HQ, US ARMY ARMOR CENTER US ARMY INFANTRY SCHOOL
ATTN: ATSB-CD-ML I ATTN: ATSH-CD-MS-M

ATSB-TSM-T I ATSH-TSM-FVS
FORT KNOX KY 40121 FORT BENNING GA 31905-5400
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DIR CDR
US ARMY MATERIALS TECHNOLOGY 3RD TANK BATTALION

LABORATORY 7TH MARINE EXPEDITIONARY BRIGADE
ATTN: SLCMT-MCM-P (DR FOPIANO) I ATTN: FMF 2
WATERTOWN MA 02172-2796 TWENTY-NINE PALMS CA 92278-5525

CDR CDR
US ARMY MEDICAL R&D LABORATORY NAVAL SEA SYSTEMS COMMAND
ATTN: SGRD-USG-M (MR EATON) I ATTN: CODE 05M32
FORT DETRICK, MD 21701 WASHINGTON DC 20362-5101

CDR DEPARTMENT OF THE NAVY
US ARMY SAFETY CENTER HQ, US MARINE CORPS
ATTN: PESC-SSD I ATTN: LMM/2
FORT RUCKER AL 36362 WASHINGTON DC 20380

CDR
DEPARTMENT OF THE NAVY NAVAL AIR SYSTEMS COMMAND

ATTN: CODE 53632F (MR MEARNS)
CDR WASHINGTON DC 20361-5360
NAVAL AIR PROPULSION CENTER
ATTN: PE-32 (MR MANGIONE) 1 CDR
P 0 BOX 7176 NAVAL RESEARCH LABORATORY
TRENTON NJ 06828-0176 ATTN: CODE 6170

WASHINGTON DC 20375-5000
JOINT OIL ANALYSIS PROGRAM -

rECHNICAL SUPPORT CTR I CDR
BLDG 780 NAVAL AIR DEVELOPMENT CTR
NAVAL AIR STATION ATTN: CODE 6061
PENSACOLA FL 32508-5300 WARMINSTER PA 18974-5000

CDR OFFICE OF THE CHIEF OF NAVAL
DAVID TAYLOR RESEARCH CTR RESEARCH
ATTN: CODE 2830 (MR SINGERMAN) i ATTN: OCNR-126 (DR ROBERTS)

CODE 2831 1 ARLINGTON VA 22217-5000
ANNAPOLIS MD 21402-5067

DEPUTY CG
PROJ MGR, M60 TANK DEVELOPMENT USMC RDA COMMAND
ATTN: USMC-LNO I ATTN: CBAT
US ARMY TANK-AUTOMOTIVE QUANTICO VA 22134

COMMAND (TACOM)
WARREN MI 48397-5000

DEPARTMENT OF THE AIR FORCE
CDR
NAVAL FACILITIES ENGR CTR HQ AIR FORCE SYSTEMS COMMAND
ATTN: CODE 1202B (MR R BURRIS) I ATTN: AFSC/DLF (DR DUES)
200 STOVAL ST ANDREWS AFB MD 20334
ALEXANDRIA VA 22322

CDR
CDR US AIR FORCE WRIGHT AERO LAB
NAVY PETROLEUM OFFICE ATTN: AFWAL/POSL (MR JONES) I
ATTN: CODE 43 (MR LONG) I AFWAL/MLBT (MR SNYDER) I
CAMERON STATION WRIGHT-PATTERSON AFB OH
ALEXANDRIA VA 22304-6180 45433-6563
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CDR OTHER GOVERNMENT AGENCIES
SAN ANTONIO AIR LOGISTICS CTR
ATTN: SAALC/SFT (MR MAKRIS) I NATIONAL AERONAUTICS AND SPACE

SAALC/MMPRR I ADMINISTRATION
KELLY AIR FORCE BASE TX 78241 LEWIS RESEARCH CENTER

CLEVELAND OH 44135
CDR
WARNER ROBINS AIR LOGISTIC CTR US DEPARTMENT OF ENERGY
ATTN: WRALC/MMVR-1 ATTN: MR ECKLUND

(MR PERAZZOLA) I MAIL CODE CE-151
ROBINS AFB GA 31098 FORRESTAL BLDG.

1000 INDEPENDENCE AVE, SW
WASHINGTON DC 20585
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